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Fienre 1 Simphlicd WSQ Faeoder and Decoder Diagrams,

iaees and allow o hicher level of subjective diserimination by fingerpeint examiner.. Phe data storape
and tran s sdon requirement- imposed by this level of cesolution are considerables a inele 1.5 inch?
fneerprnt bloek s tramslormed into aromd GO0 Riloby tes ol digal inlormation: an entie card (10 rolled
tere o plisdn tmpresaons of the thnbs and simaltaneons impressions ol both linds ) produces about
PO menaby tes obdata, A thisorate, digitizioe the T BES carrent holdines would resaftCin some 220 terabytes
of archivad data, There are al o deniticant transmicaon considerations: at conventional hieh speed modem
pate G600 e ccomd, 200 overhead 1 electrome transmizaion of acsangele TONB card wonbd take almaont 23
e - While ths o coneaderably faster than even o ermeht delivery servieeamd elinmate cthe daneer
ot an nepiaceable card beme Tost o damaeed o the ol the saemtude of the fiuperprnt datiabase s
ach that the E I has made dara compies om pant of the disitization < tandand.
e conmprecaon alvonthoe wleared by COIS 12 baeaad o adaptinve nntdorn walar quantization ol a
woaveiet anstonm abband amaee decompoaition and i eteried oo the waede! soalar quant: ation
WSO tandard, Fhi partienbanr approach wacchoen anvhe baa of follow up ctidie s o e e toration
cepe bl e aned the WSO adecr i wmahadity Bon inecrprnt sneaee data e heen ventiesd et
tottoatmesd b FRE hoeerpiiot evomnme e - beatime b oo that the alsonnbom” s compre el imaee gualits
Cdoe s cnone b 1o be accepiable tor asddaval purpoae s at compres on ratees of araid 20T The WSO
Satedand contame e clement ol the EANT waveier ceorar quanteeation aleantlon de conbed o L
ot Lo Secen dbesetoped et e b P an E VN

POONVERVIEW OF THEE AWSQ ALGORITHNAI]

Viconetstesw of the WSO aleanthm e hown s Doenee b Lie abeonit b con 0ol thres i pao
e s bt tran b decorpe aton ab the anree ineerpoont imaees calar gquante, aton of e wavele
oot tos e sntrapey codone ol Che gquante er pedoe e tandand peales ke ol enonder

an b a anebe e code g wath athoren eeperaling roadecondse torjree o et g ||||u|||||-|| TR |u||||n||.|||l
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Fieure 2 'wo Chiannel Perfeet Reconstiuction Subband Coder,

encoder,

I WSQ encader. the digitized souree imaee is decomposed into 6 d sabbands ol loatine point wavelet
cortlivients by a two dimensional svietrie wavelet transtorm (SWEL Fhe SW T sobbands ae then passed
to a banh of nndorm seidar quantizers: parallel aorow s indicate multiple intormation climnels at this stape
o the provess, The imteeer indices ourput by the guantization encoders are entropy encoded by ran
lene th coline, of zeros and Halliman codine. Phe compresaed imaee data, o table of waveler transfonm
peciheations, and tables tor the wealiar gquantizers and Hulfiman coders are catenated into a single e
Aream of campressed data,

Fhere are two principal formats specilied for the compressed data: an interchanee format containing,
Al tabiles neaded 1o decode an imaee alter transmission between applications. and an abbroviated forma
for e within o toele application inowhich the tabobated data ecavaitable trom ather conreess The svntas
o compressod data in modelled closely on the syvntax emploved in the JPFG GG imaee comproasion
Jandard 30 wo byvte markers are inclided to enable the decoder to parse the compressed hit stream
and locate nde intormation  lihe table gecifications bhefore decoding the compres.ed imaee data,

[he WSO decoder paraes the comprecaed data and extiacts the tables needed o the decodine, proee..,
\incntropy alecoder wes the nbman sables o decode the compre cad S\W T arbbadsc amd the swalan
qitantzer mdiees are then decoded to reconstimct quantized wavelet caoellicient o which are approximations
al the onmral wanedet coethicient s he quantezed coethicient- are pan thooush anomeerae SW L to produce
The vecon T ted THragse.

[he tandard allow-dor encoderuaane wavelei bilter toom eather of twodedimet v ol linear ploacae
petleo tecon e ton iliter banke o conmne o st b twonditberent vimmetine waneiet tras o aleornthoe
et e pectie walar spranter s and entraps conler s Pacamieter et bor the e ERE approved
cocvaber o bidhie the chonee ol Deer o st guanteeer paraoneter amd b condeae peorlic e e
civen e and will bede cnhed e v 6 Phe GO cpearheation al e hade s complianee e o
chconler devoder el the compre el e fonmar, we veter the peader o 2 Tor detasl o on compliane
e e

30 PHE WAN PLETT TRANSFORN SURBAND DECONMPOSITION

\ o dhen aonab, oo channel perlect pecom ene tens mbbeate filter hank o depeted o booire
Fhe nsortble Binewt tean dotmation o Py b indicedd by the analy a0 ilter ok o callbed o dene o
corccic ! Lrane o cDW T Fon maee prowe e appheation. a0 ey ey tee peals o ooy

cormlition e voc b handled ahen the anput 0 0 o hite daranon eenal o ha o o colfomn vesben
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L 3 Two Fope oot Penodized Svinmetin Sisnal Patension,

from o etz nave o venetal, a0 anele ilter bank i capable of furnichine o namber ot dhitferen
fran bt dependine on how i coapphed to fie daration mpat o The samedet wan 1o handle an ipat
at lenetle N 0 1o apply hnate topul e peepon e ilter s by Ny penindie arcukan convelution, lollowed by 22
crvenl o aeesn wmphoee cthe coacnte DT 0 L here are e problems wath tae approach o penadizanion
dtrodbiee i dr comtedy e the enais whnch add s vaoaeee toc e lehipa oo aabhand and s weeond,
Canbar devn amphine 0 ondy pocaainle when Voo even Nelded Tehbaod vananee adverely albea
vt e e bonmranee ol the it ation tadand nnpee nocconcamt on aee dimen pone e o
drnier e need oot be e ol o even dhiveable e 2 o the WSO vandand adddie e bt ol
Phee s prohivin ar onee I applyme the hilter hank tooa |u-||-u||.'-'|| e trne o tlep ccon od The sppnt \
ran Tonmratiom defimed o theoway 1 vatled a e tr e wavele 8 oo A\ 1o
o coadbaent vt o e wone are hown o Vevpe 30 aete that bah have eoen petnal peeandle
b hother Vo even o onhb e the deneth o periond ol the mpat b been etlect el doubled by e
it et on e e e vraeral e e on oo theat the vran torm doss not v paned he e of the
vonat e U fonnmed N €N L s e vee D Vhe opemanad vonad ol Tensih vy ean D cecnm i ted
petfec b b 0N D tran b coethopenld Tl o aceonnple hed e v B pliac s bilver abe ] o
St b b anphbal AL bbb al cote st aned v thevebore be s ed o trane ateain
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Fieure 1 Breguencoy Sopport of Waselet Toan: form Subhandsin WSQ Standand.

trn .- . . . . .
Phe estencvon o 0 0 hownoon Fienee e ed swoich odded Teneth incae phasae Gilter L lowpae.,

vites o vttt ahont o 0 and o havhioees Blter, Ay o vimmetne abont on o T he evtenaon g
P e Livare ey e e with banhe ol even denerh e phase filter contamine a avinmetne
low e Ulier ond aw wites mmeteie iehpas fillver, hoth ceprered at o 1220 With these comventions, when
Nooeven ey o Phanceint et Ny 2 coelhcients i hoth the lowpasesand Biehpa cocliannels. o
crtier SW L ethod. When Voo odd, petlecr reconstraetion can be acared by transnnt ting Ny 0 172
coctlicen a the lowpa e chanuel ad o Ny TV e the oehipacs channell aeaie lor bhoth of the twa
W ook Fho Coche S\ peatied by the WSO condard aee nonespaoncave lar mpnt avnal . ol
cetir even oo ol epery oo the AV dccomdaoe s the B tegintenaent that there b no condramt .
e e nen o Fhe encoder tran e the anads o ilter b aned b alone woe b the comipiesad
teee data aned the decoder o abbe voon el olormation toocomtoaet the anthear nher s fyoand
v e o di g vcaboe o NV by len] poeabiment ol et e v aneiet Sran tot miethod o opven
b echime e cu won ot the pecdie pplene ntation ecngplosvesd e
Vomeneconed abose the AT Gppleed foca bwo dimess ol dvestalraput e bt orome i
e e atad then vhe onlimmna of Phe nnaee vieldiue o oo deanoed decaompaoanion The tone abhband .
v e e ded bk thceh b e dimen onal atady 0 bank o praduce aomoee velimed Toocloneed
covorapo atnons The oo cade v e everai moee time one omme ol the vealome lowpa bbb unngl
b b campo seon b achesod ee Teope P lon adepae b o Che appiosanate fregquewe s pas band
St the e aitene b | Pho aboampo i v e e Teomneam onady 0 o the poser peacaral aden
1 o e pont e e noncmation poacb e petiornrance of diflerent decompo o ad congnn
cob P et the et vl gt ation ol peclee ubiband o tecon vraeted e gualine Note that
e By ramate ke o b e vt the geatvral Beespuenooe ol Che sdee 0 fipecrprnnd maee age
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Fiswre 0 WSO Soalar Quantizer Charicoteristin,

4 SUBBAND QUANTIZATION

Lo cotgpreasion in e WSQ aleorithn o achieved by wnilors coalar aquantization ol the SW
athband - The wonrce mpages with their S hit gray wale tesolution are continnous-tone imaees as far as
the comprescion standard 1o conecrnedand the resulting, wavelet coellicients are resarded 2z analog input
|-'. Ii||- |-||||u||||-,'. lll“ll"-'-. l lll' et Hll',!llllllll l[llunl.' wlion, or .|||||l|) quuuh viton, li'||'l Ao llu' |||'|N'|'||I||1-
Hiat map - an analow Hoatine, pomt wavelet coetlicient, a. to one ot linitely many guants od lloating point
sabie s Yhinor o done otwo 2aees o T the WSQ encoder, a sedalar guantyation cncodor maps o Lo the
Citeeer t gaante cr aeder, po that pomte to the quandization bin in which a liee N quantization encoder
pode cnhed nathematicalls by o hmenon £ R - SO where S oo disaorete s o quantizer indices,
C the et e iddice that are enttapy encoded and tran it ted ina compre sl ot Sice Foas oot
dver e the resulvpe compreson comherent v loea

I vise WSO devonder, w gaeete ation dveader viap . goanteer odiee g bach to g diciete o o
revon toncted Boatine ot salne s a0 whiock are called guaants ol arape It cofhierends, N quantizition
devonder 1 dewcnbed gathematicathy b ane ve ane tunction 20N - RG note vhat the decoder D0a net
Cherer oo the mad hematie sl ewen ol the encoder, 1o The compoate et Dot owloch imap.
atadee oatine pornt mpat Yo quantesed loaties peant oneput o known as the guante o chanacteristio 1)
o e Lo e

Withar o aele ubbuond the quamt ation irerval oo bine are of equal wadth with the exeeption of
et contarmne the oy cthe i bess whoch e s bt wder b ed on noe e e hold eanate
Boe wntth meas vyt abibane to abband. the b vk Lon vhe £ abbaned o denoted Iy, and

denere b gt at b A o b N pocedine lor edectine b welthe o ond L7 tor the anbband
corhee WO ecompey s wall b o ed e Secton b Fhe WSO it e cleerant e e e Brenee

delimea meathematoeably o e adlov e cogaaton Chianmi atian coacodine ol the 7™ e o dimeen aonal
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where ¢ patamieter hetween O and 1 that determines the reconstrncted valnes. Note that il o 72
Phens Ve tecontnncted vadue corresponding, to each gquantization bin iz the bin's mdpoa.

Some tenaathe are e otder concerning, the above ternnmoloey. When 20 was dralted, the terminolopy
wand b walat quantization was initiallv chosen to maintain consisteney with the JPEG Standard |5, 8],
b the weob the termee squantizer deguantizer™ for what hase here beens called the =quantization
cncoder decnder.” e wnch of the sigpal processing literature anonplitwde quantization. however, the
verm quantizer” i wsed lor the composite quantizer charactenstie funcion, FooNMoreover, whepe authors
concader anplitnde quantization in -olatjion from other system components, such as entropy encodine,
they al o tommondy teter vo e lunctions Foand D simply an the =encoder™ and sdecoder.” tespectively,
which neve vothe e ol the tenmes “quantization encoderidecoder™ when more specifieity e required.
Since the decondine process doe 't nndes the quantization of the coethicient « eflectedd by the encoder gt
metely man de crere quantezer adice o diserere loatine pot salue o vhe term Cgquantization decaoder”
aned qaantzed enal” eem ot appropriate o Dand et Sdeguantizer” ad cdegpantized el

ot thenoueoh treatient ot quantization theory ee 00

nOENTROPY CODING OF QUANTIZER OoUrpeLesr

Tollowome cabar quantisation ol the nnaee aahband oo the tndice s poCm m aie mappead tooa eam ol
ol eeen e Table Towhied e then Hoadhian condesdd Fable 1 pectlio s how the vanon ndiees anl
v tan beneth e pepre ented by g et al | mbaol . Svmbal 100 250 wre g ed ta vransannt ndey
alne Loveceen b aned b I nonzero ades e oat ade thes vanee 1 enconntered ol appropiiate
voears bl tran e tollow e d by the actnal mteeep indes valne Lo esample Toca poatine tre
teeatenepdes et ab o obate cane e than b gl sreater than b cmbol T Lvre po FO 0 Trananit ted
aaloned b the abe odate valie o the indes o an ~ Tt anteoer Saeabaedy o an inde s ob abeaolute valge
o a0 ad sreater Vo o egqual o Vda vmbol 10 tre s 100 0 tranatted fotlowed by the
dheocdnte e al thepede s a0 o Te bt anreser Novean tor tran v anoede s ot ab ol cahie epeate

St ot coal toonoao b presded o rea tee a0 L bewer tha th pmambeer ol gqaantatiom



Lable 1 Huthian: Fable Tapon Symhils.

Saqmvol  Value

l sorosran lenethe |

" soro ran lenetly 2

3 cero ron lenarh 4
100 seraorun leneth (0o

14Ul vacape lor posthive S bit index
o2 escape for negative S hit index
13 escipe for positive 16 bit index
i escape Tor negiative 16 bit index
10D esCpe for zero ran ¥ bits
106 escape for sero run 16 bits
1N index value 73

[us wdox value 72

[0y index valne 7

=0 Vot uscd. 1 se sgmbol 1.
K] index value 73
251 index value 71

aoverow el b neededs thic implie. the abzence of gquantizer overload didtortion 7 Svmbals T T00
e Labile 1 are weed for trapamittine 7 o o denethaes Zero ran lenethe ereater than 100 are coded by
veanemitting tee eseape symbol 105 o 105 lollowed by an integer specilving, the leneth of the ran.

Lhe HutFiman codine tablescare insaee dependent aud therefore must e caomntained i the coded data
tormmat Lhe standard aoeciies that subbands will be eronped into 3 1o s blocks for Hutlman coding 1o
Crohitate provtes ave tansmnsion capabitities, AL cabbads sivhin o bloek e coded wane the sime
Hotliman tabibde. The occurrence of each owmbol in Table i counted for each block: the veanlting, counns
are qoaat toe alenbate the Hattnean table codeswarnd Tenethe which oo toen determine the codeswaord lor each

ctbol nan natbiguous manner according 1o a preseribed proceduses Trananision of the Huthinan
cable 0 accompledied by traneminine the array ol codesward lenstheand aocortespondine B of symbaol-.
Vi nethod emploved tor Halliean codine o adapted frong the JPPG pecilication i which containg
Gty teiesant aveetion et are helptel vo vhe WSO implenenter N vood diaoncaon ol Huotlnean coding,

G TFHE FIRST AIPPROVED WSQ ENCODER

Voo ent ondy one cncodder hao heen approvesd by CHS o fieerpomt nnaee cotmpre aon, althons
e tadagd alloen fon edbditonal cucodder o the tutare woithien the vanee pecdied an 2 Linpresement
nonant e e lotmance are ety deoable provaded the pe altime compre s ed data comphiecowith the
ot peofieation evpedcbed v the decoder

Erosadiernad e bando e eneonder 28 copre pond taa reeaban biarthoeonal waoselet b oot ted
oo ghes b and Teansan 10 detand ol The cons trne tion and pictare ol the mather waveled

o aeee e ton can e dea e V1 oty the amaly 0 oo vnthe o bl com o U al pagoal



At the siters with 7 oaaed 9 tmpalse response taps. Psaet expressions for the taps can be lonnd v 2

[ witors were selocted by tial and error hised on guantizer performanes i compatison with other
derbect peconstraction iter hanks: this particalar Glver bank produced gquantized incges superior to those
senerated by the other iltees tested The importanee for digital iinage coding applications ol the regalarity
Al The sesoviared eontingons wavelots i~ not weil understood @t present, althoaeh reanbarity does fimply
Sl - tortion in Ve quantized low pass snbbands will be cmooth and <lowv varving ratuer tan abrapt or
o L dihes Dhe Laet it thee capport ol these tilfters closely matehes v ianurald fregnencoy ol fingerprin
tiges 1= probably another Getor i their excellent periormance on inserprint images,

Sealar quamtization tor epcoder 21 i~ hased on the following gquantizer bin width lormuia:
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[he vabiie (2. 0 for bamds 60 63 i< interpreted ta mean *hiat these <ubbands are discarded altogether

, . o
by the encoder and not trapsmitteds The constans 1 are tabulated fu 230 these constants and the

Lo tors jou, o wive the pelatie widths ol the guantizer bins tar the 61 sabbands. The logarithmie Taetor

wae adetermined ompiticallv to enve sood qualivative results when quannizing fineerpringt images, When
w7 00 the &' pbbaed s assigned o bt rate of 0 bitsZpisel. The parameter g osets the overail
ey quantization rate o e encoders which determines the distortion introduced by the compression
process, The authors are proscutly working on verifving a formula for comaputing ¢ toensure that the lossy
compression ratio taed therefore the quantization distortion ) is consistent from inaee to inaee. Tosts show
it g can he set 1o obtain g prespecified compression ratio. modulo hemgn cdistortion less) compression
dine o vartable amounts of zovo pan deneth and Huflman coding gain. The reconstruction parametor. ¢,

Pa the salne ot 00wl the windth of the zero bin is eiven by
7 1.2

Finallv, encoder g 1 constraet. st theee entropy codine blocks amid only two Hullfman codine tables,
ane for bow and nod trequeney obbands O throngh IS and another for the highpass detail subbands
d 0w i beare divided into two blochs with a block boundary between bands 51 and 528

7T CONCLUSIONS AND FUTURE ACTIVITY

Thi paper has provided o briet overviess ol the WSQ fineerpont imaee compresion tandard, The
arvot hm o been approned by the BRI tor compre sion ratie on the order ol 20:80 The ellectivene.
o the WSO tandard can he readily pudeed trom empivical el Fiewre 60ian onivinal 768 < J6s
bt eray cade hneerpont guaee: Pivore o how s the et ol comprecans thee mmaee 22600 0 1wy,
WSO ccsder ¢ T a e Section 6 Opecan e that mumtiae ach a0 tdee endimeand bilmeations are
conratels pre erved a well o ener teatures ke ndse tesigre

\y tncoraplete aepect of e cncoder peoleation dicon ced e Section 6 that s pre et oac lommulac
woven oniy for ettie the ccdafoee wadthe ol te quantration oo s cadealation of the parameses o wlach
aetotmine Che overall compre on tato cnenne toobe pealied. Nlethods ol calenlavine ¢ based on
aptiiai lor dlocation technngne o currentiy nneder e teatoen o that a0 pecication lor g ooan he
s buded e the WSO aandand

ot pe carchettort swdboaedse the de selopiment of additional complant encoder that prodmee Lish
bty vanee ed pnaes Pl wendo vl o treane the oe albdideront finear phace perleot pecan traection

ot g aellb g e ed methodd tons pegtarpnne b allocation ton the albband quaentee:
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Figure 10 Orivinal 768 x (68 X bit Gray Seale Fingerprint Iuage.



